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ELECTRONIC mlCtilNC, IDENT1F1CATION AND SUBDER.MALBODY

TEMPEWfURE SENSINC OF RANGE LIVESTOCK

D.M. A’iderson, J.A. Landt and P.H. Salazarl

Ab8tmct

Individual animal weights can bc obtained manually or automsci-

cally in a cornputer-compatible format with an electronic scsle. If an

electronic identification, subdermal body temperature aeneicg unit is

interfaced with an electronic scale, ~he weight, identification, and

subdermal body tempei’ature of individually identified animala can be

nbtained either ❑anually or automatically, and transcriptional and

phoneLic errors thus eliminated. Electronics can be used at remoLe

locations despite exLreme LemperaL!~reS, dust, and flIJCtuaL iOn in

battery power. For research purposes, daily weighL fluctuations,

uaLering behavior, ●nd subderrmal body temperature can be recorded

continuously. When the system becomes coussercially available,

increased livestock production ●t ● lcwer cost will be possible.

INTRODUCTION

lloniLoring anima! weight change is the umst frequently used

techniq~e LO measure ●nimal resoonse (Johnston and Laycock 1962).

Cattle have noL been weighed frequently in the past because of labor

costsi ●nd handling stress to livearock (Matches 1969). Technological

adv~ncee wiLh semiautomatic scales (Low ●nd Hoddi!r 1976) and now wiLh

preaenL day ●lectronic scales (Martin et s!. 1967; Filby et al. 1979;—— ——

Cross 1980) have made daily ueighing pouaible uiLh.aut high labor

requiremenLe ●nd without detrimental Ilandling ctreas LO the ●nimals.

Monitoring individual ●nimal pcrformllce requires illdivi+’lal

idenLificaLion. DurinR Lhe lace 1960’s IIiICI ●ar!.] 1970’a, ●lectronic

idenLificaLion became & reality (Street 1979). With ●l;!ctronic

idcncifica(ion, compucer-ba~ed individual ●nimal management ia rro~~

possible (Nott 1979),

Along wiLh OlccLronic nnimal identification has come oubdermal

elrcttonic bcdy temperature monitoring. parL of ●n ●nimal’z indivtdll-

●lity io ●xprcsaed in ● slighLly differant maan body temperature,



with perhaps a different diurnal pattern (Seawright et ●l. 1979).—.

However, heal Lh problems ❑ay be eminent if temperatures in cattle

exceed 39.5 C (9100d and Henderson 1974).

ELECTRONIC UEICHING

Animal weight daLa have been taken on individual animcls grazing

the Jornada Experimental Range since 1958. In the past, the records

were kepL on index cards and required ❑uch hand labor with no suitable

meLhod for automation, In 1977, researchers ●L the Range initiated a

COMpuLer record 8ySLeM to increase efficiency. To maximize Lhe

compucer ayatem capabilities, ● 6emiporLable eleuLronic aca]e was

purchased in the fall of 1978. The scale uniL was built with feature-

for both manual ●nd suLomaLic operation.

For manual operaLion, a hand-held kejboard with digits twtween O

and 9 allows each arimai ’s fire brand to be ●ntered ct the ti~ of

weighing. UiLh chic keybosrd, both the Julian date and Lhe military

time can also be enLered inLo che scale’s clock ac the beginning of

any weighing cycle. Individual animal weight, a four-aigiL fire brand

for idenLificaLion, Julian daLe ●nd military tiw arc recorded on

cassetLe tape in the field for laler transfer LO ● computer file with-

OUL the need for mmu~l daLa entry. As ● backup eycLem, ● 21-column

paper cape can be printed in Lhe field ● l. Lhe Limp the daLa ●re

coilecLed.

AuLomaLic, unattended operatiun of tho ●lectronic scale ia caking

place in 4 remoLe location where electric power muaL be generated on

aico ●nd scored in baLLeriee. Restrained weights ●re taken every 28

daye, ●nd ●ucomacic weighch ● re taken in Lhe interim.

The ●lectronic scale, located in ● one-way muu, i- inside ●

corral where the ●nimala must co= to water. For ●utomatic dats

●cquiaiLion, the animala *nter &he corral through ●n entrance bayonet

gaLe, pass Lhrough the maze ●nd cross the ●iecLronic scale where they

● re weighed befGre thsy resch the wster. After the animals water,

Lhey Aeavti the corlal thtuugh ●n exit bayonet gate.

Aa ●n ●nimal ●.epo onlo tl~e sca!e platform, ● ~+OLO beUI is

broken. This ●vent crigger~ s solenoid to release compre~s~ ●ir to

two pneutuaLica]ly operaLod ●ir rumt. One ram C1OSWS ● wirs ~sh gate

in fronL of the ●nimal, the other ram aecureo the gate while it is

cloa~d, Tha •UL=aL~C gate has ● time relay that can % adjuctod to



keep :he gate closed up to 11 seconds; after this time, air is vented

from Lhe rams, and che gate is spring loaded LO open. Breaking the

phoLo beam engages Lhe scale electronics to prinL weight, Julian date

and military time on the paper tape, Lhe cassette Cape, or On boLh.

An adjustable Lime relay SLOPS data recording afLer a predetermined

number of princa have been made. This prevenL@ erroneous data

acquisition if the photo beam i6 broken without Lhe animal being on

the scale or if the phoLo beam is not automatically reestablished

afLer an animal leaves the scale.

The electronic scale weighing plaLform measures 3.0 m by 63.5 cm,

with a single load cell in each corner and 1.8=

steel sides with parLing sliding doors for manua

electronic unit can operaLe on either 110 V.A.C.

has ● weighing range between 0.45 and 1814.37 kg

The electronic procedure used LO obLain ●n ●nima

average consecutive scale readings; therefore, ●

seconds wiLh Lhe animal on Lhe scale platfom i6

high, flared solid

weighing. The

or 12 V.D.C.; ●nd

certifiable at 0.12.

weighL does not

❑inimum of 2 to 3

required for the

scale electronics to reach a stable, accurat~ weighL.

lde]ghL6 from c:)e electronic display uniL > 0.0 and < 0.5 kg are

displayed and recorded as 0.0 kg whereas weighLs > 0.5 ●nd < 1.0 kg

●re displayed and recorded as 0.S kg. Response time iG adjustable to

give ●s many as four weighLs per second to a damped response giving

one weighL per two seconds. BoLh ●n ●uLornatic zero and a manually

operaLed tare buLLon ●re ●vailable. To exclude recording data if more

Lhan one ●nimal ●nters the scale ●t ● time, ●n~ineera built ●n

●djustable upper bound into the microproceuaor. If Lhis feacurc is

used, weighcc in ● xceaa of the preset ~moun~ ●re not pasaed LO tile

paper cape printer or casaeLLm recorder.

ELECTRONIC IDENTIFICATION AND SUBDEIWAL BODY TEKPERATURX SENSING

The United States Department of Agriculture, Animal planL Health

lnspecLior! Service in conjunction with the Department of Energy funded

the development of m ●lectronic identification ●nd temperature moni-

toring system for use in animal diaaase control through improved

diaocse detection and Lraceback (Helm 1977). The work began in 19?2

●L Lo- Alamoa Scientific Laboratory (lASL), Los Alamao New Hexico;

●nd by Cha fall of 1973, the theory of operation had b~cn proved



technologically feasible (Baldwin ●t al. 1973). Hwever, not until.—

the fall of 1976 was ● subdermal cran~ponder having both temperature-

rneasuring capability and three digits of identification, demonstrated

(Helm 1976). Bobbett et al. (1977) have documented the technical——

●spects of electronic identification and temperature monitoring.

The experimental Lr9nsponder unit, 14 = long, 2.5 cm wide, and

1.6 cm thick, contain~ an anLenna ●nd an approximately 1 an3,

hermetically sealed microcircuit (Araki et ●l. 1980). For encapaula-——

tion, the unit is dipped in ei!icone rubber to give the transponder

smooth rounded corners to reduce pressure necrosis when implanLed

subdermally, parallel with Lhe backbone on Lhe c.nimal”s !eft aide

behind Lhe shoulder blade. With additional development, reduction in

transponder size will allow the use of an implant gun rather than

surgery.

Above the place of incerrogaLion, ●n ●ntenna eends a microwave

beam of 462 MHz

●nimalls skin w

Circuicry. The

●ncoded identif:

Coward che transponder. The beam penetrates the

Lh sufficient strength to power the transponder

transponder, in turn, sende back to the ●nLenna ●n

c~cion number ●nd subdermal body temperature thst is

decoded wiLh ●ppropriate filLera ●nd digital electronics. The trans-

ponders used in Lhe field teaL have ● 13-bit memory with three digits

●ach for identification ●nd suedemal budy temperature sensing,

●ccuraLe LO within : ().5 C (Helm ● c al. 1979). Erroneous rsadings ●re——

●saenLially eliminated kcause the receiver circuitry requires that

Lhe idenLical coded signal be received three ●ucceaaive times before

it is accepted u ● correct signal. Temperature reproducibility is.

within ~ 0.1 C between temperatures of 30 ●nd 45 C with interrogation

time less than 0.5 seconds with no erroneous readings for animals

muving Up LO 24 km/hour (Hoim et al. 1979). Electromagnetic radiation——

levels ●re kept Within Lhe U.S. health standarda.

THE ELECTRONIC SYSTEM

The inLerface of ●lectronic weighing with the LASL ●lectronic

identification ●nd subdermal body temperature censinR unit was firat

●LtempLed in P.lbuquerque, New Mexico, in Au8u~t 1977 during an Inter-

national Brand Conference. During the fall of 1979, the first field

Le-t of electronic wcighin~, identification, ●nd ●ubdamal My

temperature aetiting began on the Jornada Experimental km~a,



Presently, continuous monitoring of cattle weight change, watering

frequency, and subdermal body temperature is being investigated. TIW

cnctle grazing a s,J~O-ha, unimproved, aemideaert range pasture are

weighed ●nd inLerrogaLed at a corral location, where frequency of the

ca:tle to wa~er dicLaLes the amount of datm collected per unit of time.

Time and daLe of watering ●re recorded for each animal ●s it crosses

the electronic scale; however, not all individual weights ●re

identified becauae

Tvo extra data

tion and subdermal

electronic scale’s

only 652 of the herd is transponder identified.

locar.ions for input from the electronic identifica-

body temperature sensing unit were provided in the

cassette tape and paper cape recording components.

WiLh automaLic unattended operation, those animals having transponders

are individually identified ●long with their subderual body temperature

at the t:= Lheir weight is taken. The inLeYfaCe between the electro-

nic scale and Lhe LASL system (Fig. 1) has required several special

inLerface uniCs &haL funccion in ciraing the sequence of events ao data

●re properly recorded on the caasette tape or *he paper tape, or both.

T*ble 1
Mean w~.ighL (kg) obLained autoaaLicslly over 8 consecutive dayt

(r- 6 LO 13 AIJgIICL, 1980 for 10, Lwo-year-old transponder-implanted

hrifert grszing unimproved smideterL rangeland.
—

Mean Wei&ht!
Aniua 1

no. 6/6 bf? B/e 8/9 8/}0 8/11 8/12?? 8/lJ
Y :s.n. ftt

—
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950
961
961
971
972
973
97b
979
984

273
28I

m
331

304

319
>72
387

m
MO

mi
111
132

xi?
296

257

x-i
342
Mb
37L

-—

3Z

—
—

—
—
—

—
—

281

5ZZ

335

—

m

—
—
—
—
—
—
—

m
—

I J37 314 M? 358 369 124 323 150

275
299
M 7
WI
350
315
338
366
369
297

12
16

b
7Q

11
In

1
b

llA
2

t indicolon that ●nimal did rm~ ●nlar corral nnd crotc OVCY weighing p]4LfOrm.

f? ~ned inLcrmitLently during Lhe Z4-hour ptiod.

?tt S.D. = standard daviaLion.

Fig, 1. block diagr~m of ● single-animal scale ●nd electronic CrMBpO-
nentc for manu4’ ●nd ●utomatic weighing, identification, ●nd
cubdermal bi~dy Utmperatura ●enaing of cattle.



The interfacing of the two electronic unite into ● working system

hss mec with several problems. The mcsit important problems ●re: 1)

the failure of comercial equipment to perform in ●ccordance with manu-

facturer’s specifications; 2) environmental problems Affecting the

electronics, especially ~xtremea in temperature ●nd dust; 3) interface

timing problem between the LUL equipment and the ●lectronic ecale;

and 4) some erroneous weights chat must k discarded bec~use animals

axe noc always spaced so that only one animal enters the scale when the

system is operating automatically and unattended. ExLremes in ambient

temperature above 37 C zre very difficult to control under remote

sicuacions ●nd still pose a p{oblem to the ●lectronics. Flowever,

raising the ambient temperature ●round che electronics ●bove O C during

the winter has been adequately corrected with ● thermostatically opera-

ted propane space heater. Sealing the doors and windovs in che ●quip-

menc Crailer with weaLher stripping and caulking has substantially

reduced dusL accumulation.

A cocal of 42 transponders were surgically tiplanced beginning in

June of 1979. Of the original transponders, four were surgically

removed, two because the ●nimals were culled from che herd for mange

❑ent reasons snd two because the transponders cease.d to funccion. Ten

ocher nonfuncLioning transponders have not been surgically removed from

the herd and probably have ceased to funccion because body fluids

●ntered the transponder and caused ●lectronic failure. Of the 27

transponder still working, one has been in place for 389 days.

DISCUSSION AND CONCLUSIONS

With mnual e)eccronic weighing, 86 head of livestock can be

●fficiently weighed per hour ●t ● remote lociition. This weighing

represenca ● 41% sa”’ings in tise over that w~,th mingle animal rnchan-

ical weighing ●nd (!ompares favorably with retulcs in previously

reported ecudies (Filby ec ●l. 1979). Transcriptional ●nd phonetic——

● rrors ● re ●~iminaLed with computer speed ●nd precision during data

●cquisit ion and sumnarizatiun. ‘Continuous, utlatLended, ●uttiatic

weighing adds Lhe posiLive benefiL of reduc~ handli~ stress ●rxi ●lso

eliminates Lhe labor required for g~chering and manual weighing. By

interfacing electronic wei&hicg wi.h clactroni: idencificacion ●ti

subdermal body temperature tensing, aut~atic l~attended data acquisi-

tion on an individual cnimal >acis is possitle, Traoaponder-



identified animals can be interrogated ●t frequently visited locations

such as water ●nd salt, if the investigator wants to document diurnal

use patterns. The temperature-6ensing capability of the transponder

will allow temperature-related stress and disease phenomena to be

investigated. Timely management decisions relaLed to the reproductive

cycle of range livestock may also be possible Lhrough the ❑onitoring

of subdenaal lmdy temperature.

Shor: periods of ●utomatic unattended operation have revealed s-

of the capabilities of the

2-year old heifers grazing

daily weight fluctuations.

system. In Table 1, daily weights of

unimproved aemideaert range reveal their

Too often, money ad labor Constraints

placed upon researchers result in few ●nimals >.~;.: weighed infre-

que-Lly, in ●fforts to evaluate treatm~nt ●ffects. Data in Table L

show that wiLhin-animal variability was lese Lhan between-aniual vari-

ability during 8 consecutive days for the 10 tral]sponder-identified

heifers. If this trend is conaiscenc continuous ●utomatic ●lectronic

animal weighing offers ● precise, alternative me~hod to the investi-

gator when production (weight change) is to be obtained for smJll

numbers of animals.
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From Table 1 the pattern of watering frequency was unique tor

individual ●nim~la. Rain that fell on 12 August was probably



responsible for reducing the animal’s need to ●nter the corral for

wa:er on 13 Augusc. ILstween 6 ●nd 13 August, all traneponder-idenci-

fied animals moved through the corral between 0800 ●nd 2300 hours

(Mountain Standard Time); activity peaked between 1300 ●d 1500

hours.

Ambient ●ir temperature (C) sensed near the interrogation locat-

ion and subdermal body temperature (C) were recorded Poncurrencly

between 6 and 11 AugusL 1980 for animal 973, a 2-year old Santa

CerLrudis X Hereford crossbred heifer. Subdermal body temperscures

were consistently higher and less variable than ambienL air

temper2Lures. The range in subdermal body temperature of Lhe 2-year

old heifer (37.0 - 40.3 C) for 6 consecutive days was less than the

range in ambient ●ir LemperaLures (21.1 - 38.3 C). Because of &he

proximity of the transponder to the ●kin surface and insulation of the

Transponder by ●dipose deposition, corrections for ●mbient tempr-raLure

will be necessary to deLecc physiological cha~~ges within the animal

(Araki ● L ●l. 1980).——

As ● range research tool, electronic weighing, identification,

and subdermal body temperature sensing offer a ❑ eans of collecting

accurate data in ● precise computer-compatible format that can be

rapidly summarized. BoLh labor ●d ●nimal stress ● re reducd and

increased ●fficiency thus results. With ●utomatic operation, the

possibility Chat the “observer” ●ffects Lhe “measurement” is ●~irni-

nated.

To the liveSLock producer, ●lectronic identification will man

individual record keeping on snimal location, health, ●d prodt’ction

with fast, ●ccurate compucer precision. With minicomputers, ●ven the

small operator will be ●ble t~ ●utomate many ●ctivities that currently

require time and lsbor, such u opening ●nd closing gates for sorting

●nimals ●nd dispensing feed to individual ●nimale. The ●nd result

should be incressed produccicn at ● lower cost kcause management

decision can be based on long-tern individual records rather than ●

herd ●verage.
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